Description 



Chromium(VI)-Free Conversion Layer and Method for Producing It 

5 

FIELD OF THF IM\/fmtiok| 

The present invention relates to chromium(VI)-free, chromium(lll)-containing 
substantially coherent conversion layers [a ccordin y t o Udim I] , a method for' 
o producing them [ accordiny tu Ud i n. 7] , a concentrate [accordiny tuUdi,.. 10] 
a passivation bath [ accordin g to Ud im 1 4 ], a passivating method [according ' 
to^aim^e], a passive layer [a ccording tu Uc ii. n 24] , and a conversion layer 
[accordin y tu U dim 20] . 

5 BACKGROtJ ND OF THF IM\/FMTir>N f 

Metallic materials, in particular iron and steel, are plated with zinc or 
cadmium in order to protect them from corrosive environmental influences. 
The corrosion protection of zinc resides in the fact that it is even less 
precious than the base metal and therefore at first exclusively draws the 
corrosive attack; it acts as a sacrificial layer. The base metal of the 
respective zinc-plated component remains unimpaired as long as it is 
continuously covered with zinc, and the mechanical functionality remains 
preserved over longer periods of time than in the case of parts not plated 
with zinc. Thicker zinc layers naturally afford higher corrosion protection than 
thin layers inasmuch as corrosive erosion of thicker layers simply takes more 
time. 



The corrosive attack on the zinc layer, in turn, can be greatly delayed by 
application of a chromation, or chromate coating, whereby corrosion of the 
base metal is even further postponed than by mere zinc plating. A 
considerably better corrosion protection is afforded by the zinc/chromate 
layer system is than by a mere zinc layer of identical thickness. Moreover by 
means of chromation the optical deterioration of a component due to 
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environmental influences is further postponed - the corrosion products of 
zinc, referred to as "white rust", equally interfere with the optical appearance 
of a component. 

5 The advantages of an applied chromation are so important that almost any 
galvanically zinc-plated surface is in addition chromate coated as well. The 
prior art knows four chromations named after their colorations, which are 
each applied by treating (immersion, spraying, rolling) a zinc-plated surface 
with the corresponding aqueous chromate coating solution. Moreover yellow 

10 and green chromations for aluminum are known which are produced 
analogously. In any case, these are variously thick layers of substantially 
amorphous zinc/chromium oxide (or aluminum/chromium oxide) with non- 
stoichiometric compositions, a certain water content, and inserted foreign 
ions. These are known and classified into method groups in accordance with 

15 German Industrial Standard (DIN) 50960, Part 1 : 

1) Colorless and blue chromations, Groups A and B 

The blue chromate layer has a thickness of up to 80 nm, is weakly blue in its 
20 inherent color and presents a golden, reddish, bluish, greenish or yellow 
iridescent coloring brought about by refraction of light in accordance with 
layer thicknesses. Very thin chromate layers lacking almost any inherent color 
are referred to as colorless chromations (Group A). The chromate coating 
solution may in either case consist of hexavalent as well as trivalent 
2 5 chromates and mixtures of both, moreover conducting salts and mineral 
acids. There are fluoride-containing and fluoride-free variants. Application of 
the chromate coating solutions is performed at room temperature. The 
corrosion protection of unmarred blue chromations amounts to 10-40 h in the 
salt spray cabinet according to DIN 50021 SS until the first appearance of 
3 o corrosion products. The minimum requirement for Method Groups A and B 
according to DIN 50961 Chapter 10 Table 3 is 8 h for drumware and 16 h for 
shelfware. 



2) Yellow chromations, Group C 



The yellow chromate layer has a thickness of approx. 0.25-1 pm, a golden 

yellow coloring, and frequently a strongly red-green iridescent coloring. The 

chromate coating solution substantially consists of hexavalent chromate, 

conducting salts and mineral acids dissolved in water. The yellow coloring is 

2 

caused by the significant proportion (80-220 mg/m ) of hexavalent chromium 
which is inserted besides the trivalent chromium produced by reduction in the 
course of the layer formation reaction. Application of the chromate coating 
solutions is performed at room temperature. The corrosion protection of 
unmarred yellow chromations amounts to 100-200 h in the salt spray cabinet 
according to DIN 50021 SS until the first appearance of corrosion products. 
The minimum requirement for Method Group C according to DIN 50961 
Chapter 10 Table 3 amounts to 72 h for drumware and 96 h for shelfware. 

3) Olive chromations, Group D 

The typical olive chromate layer has a thickness of up to 1 .5 pm and is 

opaquely olive green to olive brown. The chromate coating solution 

substantially consists of hexavalent chromate, conducting salts and mineral 

acids dissolved in water, in particular phosphates or phosphoric acid, and 

may also contain formates. Into the layer considerable amounts of 

2 

chromium(VI) (300-400 mg/m ) are inserted. Application of the chromate 
coating solutions is performed at room temperature. The corrosion protection 
of unmarred olive chromations amounts to 200-400 h in the salt spray 
cabinet according to DIN 50021 SS until the first appearance of corrosion 
products. The minimum requirement for Method Group D according to DIN 
50961 Chapter 10 Table 3 is 72 h for drumware and 120 h for shelfware. 

4) Black chromations, Group F 

The black chromate layer is fundamentally a yellow or olive chromation 
having colloidal silver inserted as a pigment. The chromate coating solutions 
have about the same composition as yellow or olive chromations and 
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additionally contain silver ions. With a suitable composition of the chromate 
coating solution on zinc alloy layers such as Zn/Fe, Zn/Ni or Zn/Co, iron, 
nickel or cobalt oxide will be incorporated into the chromate layer as a black 
pigment so that silver is not required in these cases. Into the chromate layers 
5 considerable amounts of chromium(VI) are inserted, namely between 80 and 
400 mg/m depending on whether the basis is a yellow or olive chromation. 
Application of the chromate coating solutions is performed at room 
temperature. The corrosion protection of unmarred black chromations on 
zinc amounts to 50-150 h in the salt spray cabinet according to DIN 50021 
10 SS until the first appearance of corrosion products. The minimum 

requirement for Method Group E according to DIN 50961 Chapter 10 Table 3 
is 24 h for drumware and 48 h for shelfware. Black chromations on zinc 
alloys are considerably above the specified values. 

15 5) Green chromations for Aluminum, Group E 

The green chromation on aluminum (known under the name of aluminum 
green) is of a matt green and not iridescent. The chromate coating solution 
substantially consists of hexavalent chromate, conducting salts and mineral 

2 0 acids dissolved in water as well as particularly phosphates and 
silicofluorides. Contrary to a prevailing opinion the formed 
chromate/phosphate layer is, as evidenced by iodised starch tests, not 
always 100% chromium(VI)-free. The production of aluminum green in 
chromate coating solutions exclusively on the basis of chromium(lll) is not 

25 known. 

In accordance with the prior art, thick chromate layers affording high 
corrosion protection >100 h in the salt spray cabinet according to DIN 50021 
SS or ASTM B 1 17-73 until the appearance of first corrosion products 
30 according to DIN 50961 (June 1987) Chapter 10, in particular Chapter 
10.2.1 .2, in the absence of sealing or any other particular aftertreatment 
(DIN 50961, Chapter 9) may only be produced by treatment with dissolved, 
markedly toxic chromium(VI) compounds. Accordingly the chromate layers 
having the named requirements to corrosion protection still retain these 
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markedly toxic and carcinogenic chromium(VI) compounds, which are, 
moreover, not entirely immobilised in the layer. Chromate coating with 
chromium(VI) compounds is problematic with respect to workplace safety. 
Use of zinc-plated chromations produced with chromium(VI) compounds, 
5 such as the widespread yellow chromations e.g. on screws, constitutes a 
potential hazard to the population and increases the general cancer risk. 

US 43 84 902, in particular with Examples 1, 2, 4 and 5, describes 
conversion layers which satisfy the requirements in the salt spray test. In all 

10 of the cases, these are cerium-containing layers presenting a yellowish 
coloration which is accentuated by the cerium(IV) ion. The examples only 
contain cerium(lll), and hydrogen peroxide as an oxidant, in the bath 
solution. In the description it is set forth that hydrogen peroxide in the acidic 
medium does not represent an oxidant for Ce(lll), however during deposition 

15 the pH value nevertheless rises so high at the surface that a sufficient 

amount of Ce(IV) may be generated. The yellowish coloration achieved by 
this bath composition indeed appears to indicate that an oxidation has taken 
place - however, only an oxidation from Ce(lll) to Ce(IV). Tetravalent cerium 
is an even more powerful oxidant than hexavalent chromium, for which 

20 reason Ce(IV) will produce from Cr(lll) the Cr(VI) which is to be avoided. 
Cr(VI) has a very strong yellow coloration and is known as an anticorrosion 
agent. The layer described in US 43 84 902 is thus not free of hexavalent 
chromium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2 5 The file of this patent contains at least one drawing executed in color. 

Copies of this patent with color drawings will be provided by the Patent Office 
upon request and payment of the necessary fee. 

Fig. 1 is a color comparison of various passive layers: it shows a comparison 

3 0 of the present invention with blue and yellow chromations. The substrate is 

zinc-plated screws. The left picture half is blue chromation: the center is the 
invention: the right picture half is yellow chromation. 



4, 
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Fiq. 2 is a sc anning electron microscope image (40.000*) showing a 
comparison of the present invention ("chromitation") with blue and vellow 
chromatins. " Gelbchromatieruno" means vellow chromation: 
"Chromitieruno" means c hromitation; "Blauchromatieruno" means blue 
5 chromation: "Zink" means zinc. 

Fio. 3 is a color photo sh owing the band width of the iridescent coloring in 
accordance with the pres ent invention on zinc surfaces (zinc-plated screws): 

10 Fig.4. a comparison test with EP O 034 040. shows coatings of the prior art 
in accordance wi th EP 0 034 040. Example 16 is on the left hand side , 
Example 17 is on the rioht hand side. The upper picture half, on the outer 
left and right, shows a bla ck cloth whereby the abrasions on the metal sheets 
shown in the too picture h alf were obtained. Layer portions - discernible as 

15 whitish stains - are o n both pieces of cloth. The lower picture half shows the 
unmarred layers of the prior art. The substrate is zinc-plated steel sheet- 
Figs. 5 to 36 show depth p rofile analyses of layers according to the invention 
and layers result ing from the conventional blue and vellow chromations. 

20 wherein the depth p rofile analyses were measured bv glow-discharg e 
spectrometry (s p ectrometer: JY5000RF): 

Fig. 37 is a tabl e containing the evaluation of the depth profile analyses of 
Figs. 5 to 36. 

25 

Fig. 38 is a computer sim ulation of the kinetic model of chromate coating of 
zinc for various rate constants. 



DETAILED DESCRIP TION OF THE PREFERRED EMBODIMENTS OF THE 
30 INVENTION 



The layer according to the invention is, however, produced in the absence of 
any oxidant and conseguently free of hexavalent chromium. This can in 
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particular be seen from the fact that the layer according to the invention is 
not yellow. 

Even where the yellow coloration and the enhanced corrosion protection 
5 should be brought about by nothing but Ce(IV), the layer according to the 
invention affords the desired corrosion protection even without this very 
costly and rare addition. 

US 43 59 348 also describes conversion layers which satisfy the above 
10 mentioned requirements in the salt spray test. These, too, in all cases are 
cerium-containing layers which present the yellowish coloration accentuated 
by the cerium(IV) ion. This document thus does not exceed US 43 84 902. 

It is therefore an object of the present invention to furnish a chromium(VI)- 
15 free, thick conversion layer having a high chromium content on zinc or zinc 
alloys. 

[With respect to a layer th i s object is attained by the features of c l a i ms 1 , 24 
and 20, w i th r e spect to method technology by the features of c l aims 7 and 
20 20, and with respect to a composition for carrying out the method of t h e 
i nvention by th e features of claims 10 and 14.] 

For the purposes of the present inventions the applicant coined the term 
"chromitation" in order to clearly distinguish the present invention from the 
25 chromations which are customary in the prior art, and in order to make clear 
that neither the obtained conversion layer nor the compositions 
(concentrates/passivation baths) whereby the coatings according to the 
invention are produced contain the toxic chromium(VI), whereas the obtained 
corrosion protection nevertheless is superior to that of yellow chromation. 

30 

EP 00 34 040 A1 does describe a multiplicity of layers, of the larger group of 
which (produced under the standard conditions set forth by Barnes/Ward) 
the color is not specified, however referred to as clear. Two Examples, 
namely Nos. 16 and 17, describe a greenish borate-containing layer 
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described as cloudy-dull to non-transparent. 

Example 14 describes a layer affording a corrosion protection of only 4 
hours. 

5 

[Th e subclaims r e pr e s e nt pr e f e rr e d e mbodim e nts of th e pr e s e nt i nv e nt i on.] 

Concerning the features of [cla i m 2 ] the invention , the following should be 
noted: 

10 

In glow-discharge spectrometry several elements could not be detected while 
others could not be calibrated. Therefore the chromium/(chromium+zinc) 
phases were compared to each other. The chromium index is the average 
chromium content [tn-%] in the layer > 1% Cr, multiplied by the layer 
15 thickness. The chromium index is proportional to the chromium quantity on 
the surface (mg/m ). 

Further advantages and features of the present invention result from the 
description of embodiments and from theoretical reflections which are not 
20 binding on the one hand and were, on the other hand, carried out by the 
inventors while having knowledge of the present invention, and by referring 
to the drawings^ [, wher e in: 

T i g. 1 shows a comparison of th e pr e sent i nv e ntion w i th blue and y el low 
25 chromat i ons; 

Tig. 2 is a scann i ng e l e ctron microscope image (40,000*) show i ng a 
compar i son of th e pres e nt i nvent i on ("chromitation") w i th blue and y e llow 
chromat i ons; 

30 

T i g. 3 is a color photo showing th e band w i dth of the i rid e scent co l oring in 
a ccordance with th e pr e s e nt inv e ntion on z i nc surfac e s; 



rig.4 shows coatings of the prior art in accordance with LP 0 034 040; 
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Tigs. 5 to 36 show depth prof i le analy3C3 of l ayers according to the inv e nti o n 
and l ayers r e sulting from the conv e nt i ona l blu e and y el low chromatins, 
wherein th e depth profile ana l yses were measur e d by glowed i scharg e 
spectrom e try (spectrometer: JY5000RO; an d 

5 

T i g. 37 is a table conta i n i ng the e valuation of th e depth profi l e analys e s of 
Tigs. 5 to 30.] 

The conversion layer prefe rably has a laver thickness of about 100 to 1000 
10 nm, the conversion la ver having across the conversion laver thickness a 
chromium content of greate r than 1% based upon zinc and chromium, the 
conversion laver having an average chromium content of more than 
approximately 5% based on zinc and chromium . and the conversion lay er 
having a chromium index greater than approximately 10. wherein the 
15 chromium index is defined as the average chromium content 

(chromium/fchromium + zin c)) in the laver greater than 1% Cr. multiplied hv 
the laver thickness in nm. 

Preferably the conversion laver has a chromium-rich zone greater than 
20 approximately 20% ch romium, based upon zinc and chromium in the 
conversion lay er, of more than approximately 15 nm 

The conversion laver mav b e transparent, clear, or substantially colorless. 
The conversion laver mav be iridescent, and may present multi-colored 
25 iridescence. 

For enhanced c orrosion protection the conversion laver mav additionally 
contain one or more components selected from the group consisting of 
silicate, cerium, aluminum, and borate. The conversion laver mav contain 
30 cobalt or one or more metal compounds having valences of 1 to 6. The 
conversion laver mav includ e one or more metal compounds selected from 
the group consisti ng of Na. Ao. Al. Co. Ni. Fe. Ga. In. La. Ce. Pr Nri , Pm , 
Sm, Eu, Gd. Tb. Dv. Ho. Er. Tm. Yb. Lu. Zr. Sc. Ti. V. Cr. Mn. Cu. Zn. Y. Nb. 
Mo. Hf. Ta. and W. 



- 10- 



The conversion layer mav i nclude one or more ions selected from the g roup 
consisting of anions and mav include one or more ions selected from thp 
group consisting of halide i ons, sulfurous ions, nitrate ions, phosphorus- 
containing ions, carboxvli c acid anions, and silicon- containing anions. 

5 

The conversion layer mav in clude one or more ions selected from the group 
consisting of chloride ions, su lfate ions, phosphate ions, diphosphate inns , 
linear and cyclic olioophosph ate ions, linear and cyclic polyphosphate ions 
hydrogen ph osphate ions, and silicate anions. 

10 

The conversion laver mav i nclude one or more materials selected from the 
group consisting of polymer s, corrosion inhibitors, silicic acids, surfactants, 
polvols. organic acids, amin es, plastics dispersions, dves. pigments 
chromogenic agents, amin o acids, siccatives, and dispersing agents. 

15 

The conversion laver mav in clude one or more materials selected from the 
group consisting of organic po lymers, colloidal or disperse silicic acids, diols. 
triols, monocarboxvlic acids, carbon black, metal chromooenic agents, glvcin. 
and cobalt siccatives. 

20 

The conversion laver mav in clude one or more materials selected from the 
group consisti ng of dves and color pigments. 

In a method according to t he invention, a metallic surface preferably is 
25 treated with a solution o f at least one chromium (III) complex and at least 
one salt, wherein chromium (I II) is present in the solution in a concentration 
of approximately 5 to 100 o/l: an d the chromium (III) complex has liaanri 
replacement kinetics more ra pid than the fluoride replacement kinetics in 
chromium (lin-fluorocomplexe s. This method produces a chromium A/h-free 
30 conversion laver affordi ng at least the corrosion protection of conventional 
chromium (VP-containing yellow chromations. 

Metallic surfaces suitable for a pplication of the conversion laver include zinc. 
zinc allov. and zinc allov with iron. 
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In the method the treating is preferahlv carried out at an elevated 
temperature, or at a tempe rature of 20-1 Q0°C. more preferably 20-80°C. 
more preferabl y 30-60°C. more preferably 40-60°C. 

5 In the method the chro mium (III) complex preferably has chelate lioands 
which are selected from the group consisting of dicarboxvlic acids 
tricarboxylic acids, hvdroxvc arboxvlic acids, acetvlacetone. urea, urea 
derivatives, mixtures thereo f, among each other as well as in mixed 
complexes wit h inorganic anions and H 2 Q 

10 

In the method the chromium fill) complex preferably has chelate liaands 
which are selected from the group consisting of oxalic, malonic. succinic 
glutaric, adipic. pimelic. sube ric, azelaic and sebacic acids, mixtures thereof 
and in mixed c omplexes with inorganic anions and H.O 

15 

In the method the chromium (III) complex preferably has chelate lig ands 
which are selected from the group consisting of maleic acid, ohthalic acid , 
terephthalic acid, tartaric acid , citric acid, malic acid, ascorbic acid, mixtures 
thereof, and in mixed complexes with inorganic anions and K .Q. 

20 

In the method the chromium nil) complex preferably has chelate lig ands 
which are selected from the group consisting of malonic acid and malonic 
acid in mixed c omplexes with inorganic anions and hLO 

25 The method mav be p erformed repeatedly on the metallic surface- 
In the method the treating m ay be carried out at a temperature of 20 to 
100°C with rinsing water recy cling over at least 2 cascaded rinsing stages: a 
blue chromation mav be performed in one of the rinsing stages. 

30 

The method mav include an immersion period of between approximately 15 
and 200 second s or of between aoorox. 15 and 1QQ seconds or an 
immersion peri od of approx. 30 seconds 
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A passivation bath for passivatinq a metal surface preferably comprises 
chromium nil) in a concentration of approximately 5 to 100 g/l: the chromium 
(III) being present in the bath in the form of at least one chromium (HI) 
complex having liqand replacement kinetics more rapid than the fluoride 
5 replacement kinetics in chromium (lll)-fluorocomplexes. The bath preferably 
substantially contains chromium (III) as a passivatinq component. 

The chromium (III) complex in the bath preferably is selected from complexes 
with chromium (III) and at least one chelate liqand selected from the group 
io consisting of dicarboxvlic acids, tricarboxylic acids, hvdroxvcarboxvlic acids, 
acetvlacetone. urea, urea derivatives, mixtures thereof, among each other as 
well as in mixed complexes with inorganic anions and H 2 Q. 

The chromium (III) complex in the bath may be selected from complexes with 
15 chromium(lll) and at least one chelate lioand selected from the group 
consisting of oxalic, malonic. succinic, olutaric. adipic. pimelic. suberic, 
azelaic and sebacic acids, mixtures thereof, and in mixed complexes with 
inorganic anions and H 2 Q. 

20 The chromium (III) complex in the bath may be selected from complexes with 
chromium(lll) and at least one chelate lioand selected from the group 
consisting of maleic acid, phthalic acid, terephthalic acid, tartaric acid, citric 
acid, malic acid, ascorbic acid, mixtures thereof, and in mixed complexes 
with inorganic anions and HUP. 

25 

The chromium (III) complex in the bath may be selected from complexes with 
chromium(lll) and at least one chelate lioand selected from the group 
consisting of malonic acid and malonic acid in mixed complexes with 
inorganic anions and H 2 Q. 

30 

The bath may also include one or more components selected from the group 
consisting of sealers, dewaterino fluids, additional metal compounds, anions, 
polymers, corrosion inhibitors, silicic acids, surfactants, polvols. organic 
acids, amines, plastics dispersions, dves. pigments, chromooenic agents. 
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amino acids, siccatives and disper s ing agents The bath may also include 
one or more components sele cted from the group consisting of 1- to 6-valent 
metal compounds, halide ions, s u lfurous ions, nitrate ions, phosphoric inns , 
carboxylic acid anions, silicon- containing anions, organic polymers, colloidal 
or disperse silicic acids, diols. triol s . monocarboxvlic acids, carbon black 
metallic chromoqenic agents, gly cin. and cobalt siccatives. The bath may 
also include one or more compon e nts selected from the group consisting nf 
metal compounds of Na. Ao. Al. Co. Ni . Fe. Ga. In. La. Ce. Pr. Nd Pm Sm , 
Eu, Gd, Tb, Dy. Ho. Er. Tm. Yb. Lu. Zr S c. Ti. V. Mn. Cu. Zn. Y. Nh Mn , Hf , 
Ta, and W, chloride ions, sulfate ions, phosphate ions, diphosphate inns , 
linear and cyclic oligoohosphate io n s, linear and cyclic polyphosphate ions, 
hydroge n phosphate ions and silicate anions 

Chromium (III) is preferably prese nt in the bath in a concentration of 
approximately 5 q/l to 80 a/I. more preferably approximately 5 o/l to 60 g/l, 
more p referably approximately 10 a/I to 30 o/l. more preferably approximately 
20 q/l. The bath preferably has a p H between approximately 1 .5 and 3. more 
preferably approximately 2 to 2.5. Th e temperature of the bath is preferably 
approx. 20 to 10Q°C. more orefera hly approximately 20 to 8Q°C. more 
preferably approximate ly 30 to 60 °C. more preferably aoorox. 40 to 60°C 

To facilitate preparation of a pas sivation solution, a concentrate may hp 
prepared. The concentrate prefe rably substantially contains chromium (III) 
for a passivatinq component, where in the chromium (III) is present in the 
form of at least one complex havin g lioand replacement kinetics more ra piri 
than the fluoride replacement kinet ics in chromium (III)- fluorocomplexes 
The concentrate is preferably in eith er liouid or solid form. The concentrate 
may be used for producing a pas sivation solution for p as sivatino a metal 
surface such as a metal surface s elected from the group consisting of 7inr, 
cadmium, aluminum and allovs of t hese metals among each other and/or 
with iron or other metals 



Example 1 
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The following experiment was carried out: 

Small steel parts were bright-zinc coated electrolytically (approx. 15 m) and, 
following galvanisation, singly immersed in a boiling (approx. 100°C), 
5 aqueous solution containing: 

1 00 g/l CrCI 3 • 6 H 2 0 (trivalent chromium salt) 

100 g/INaNO s 

15.75 g/INaF 

26.5 g/l citric acid • 1 aq 

10 

which had previously been adjusted to a pH value of 2.5 with sodium 
hydroxide solution. The immersion time was 30 s. The parts were then rinsed 
with water and dried in air flow. On the parts a greenish, strongly iridescent 
layer had formed which later on turned out to be comprised of zinc/chromium 
15 oxide. In the corrosion test in the salt spray cabinet according to DIN 50021 
SS it was surprisingly found that the chromate layer formed presented a 
spectacular corrosion protection until the appearance of first corrosion 
products of 1000 h according to DIN 50961 Chapter 10, in particular Chapter 
10.2.1.2. 

20 

The novel greenish chromate layer had a layer thickness of approx. 800 nm 
and was produced by a process not involving any chromium(VI) and could be 
proven to be chromium(VI)-free. 

25 The production method according to Example 1 for the novel, greenish 

chromium(VI)-free chromation is not very economical for conventional plants 
due to the relatively high temperature of the process solution. Further 
theoretical reflections concerning chromium(VI)-free chromate coating and 
further trials finally resulted in economical production conditions. 

30 

Theoretical Reflections Concerning Chromium(VI)-Free Chromation 

Chromate coating of zinc takes place by the formation of a so-called 
conversion layer on the zinc surface, i.e. the zinc surface chemically reacts 
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with the chromate coating solution and is converted into a chromate layer. 
The formation of conversion layers is a dynamic process beyond chemical 
equilibrium. In order to describe the underlying processes, one must therefore 
employ chemical kinetics. By the especially established kinetic model it was 
5 possible to obtain starting points in order to optimise the present invention. 

Conversion layer formation in a chromium(lll)-based chromate coating 
solution may be described by means of two reaction equations: 

1 o I Elementary zinc passes into solution due to acid attack: 

+ 2+ 
Zn + 2H ► Zn + H 2 _ 

II and precipitates on the zinc surface as zinc chromium oxide together with 
15 chromium(lll): 

Zn 2+ + xCr (MI) + yH 2 0 ---is.- ZnCr x O y + 2yH + 

The kinetic model must encompass differential equations for the 
20 concentration developments of Zn 2 , H + , Cr (MI) and for the thickness growth 
of the ZnCrO layer. In the reaction rate starting points it was taken into 

consideration by inserting the term < &sP^ that Reaction I is 

increasingly slowed down by the growing passive layer. P1 is a measure for 
tightness of the layer. 

25 



- 16- 



dc 2 * 
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*2 XC Zn 2+ XC C r (I11 1 + * 3 XC H + Xtanh( ^2 ^ ZnCrO > 
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= -2^XC H+ / a+ Pl ^ ZnCrO 
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H 
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dt 



= - xc 2n 2* xc Cr (in ) + ^3 XC H ♦ xtanhC^ xjTi ZnCrQ ) Reaction n 
+ x(C 0,Cr °» > ^Cr 1111 » } Mass transfer 



dm 



ZnCrO 



dt 



= *2 



XC Zn 2+ ^Cr' 111 > 



^ 3 XC h + Xtan ^ 1 ^-F > 2 ^ ZnCrO ^ Reaction n 



The term "^^Hy < &$^ \ represents the indispensable precondition 
5 of reverse reaction II, namely the presence of ZnCrO. The tanh function 
provides for a smooth transition from 0 to 1 , which may be adjusted with P2. 
The differential equation system was resolved numerically by means of a 
computer. As a result, the layer thickness developments and the 
concentration developments over time were obtained. As starting values for 
io time t Q = 0 there were employed: 



c 0,Zn 2+ = 0 _ 2 

°0,H + = 10 ~ mol/l (P H2 ) 

c 0 Cr (IN) = 0,5 mol/l 

15 m 0,ZnCrO = 0 



,n Fig. [+] 38 the layer thickness developments for various values of the rate 
constant kj_are represented. For good corrosion protection, the passive 
layer should have maximum possible thickness and at the same time 
20 compactness. 
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Fig. 38 [(orig i na ll y I ll ustration 1) ] shows a computer simulation of the kinetic 
model for chromate coating of zinc for various rate constants. 

The faster the initial dissolution of zinc (rate constant k-j) is and the faster the 
5 dissolved zinc precipitates with the chromium(lll) (rate constant k2), the 
thicker the chromate layer will become. Layer growth is strongly favored by 
the presence of zinc already dissolved in the bath, which fact resulted from 
simulations with c 0 Zn 2+ > °- A lower P H value favors dissolution of zinc but 
also brings about increased redissolution of the layer. 

10 

Based on the model, basically two demands may be established for 
producing a maximum possible thickness chromate layer. Reaction I and 
forward reaction II must take place as rapidly as possible, the reverse 
reaction II must remain slow. In this sense, there result the following starting 
15 points: 

Reaction I 

a pH optimisation 
20 b Avoiding carrying over of inhibitors from the zinc bath 
c Addition of oxidants for accelerating zinc dissolution 
d Acceleration of zinc dissolution by formation of galvanic elements 

25 

Forward reaction II 

e The rate constant k2 should be as high as possible. Chromium(lll) 
complexes generally have slow kinetics. By using suitable ligands it 
should be possible to accelerate the reaction rate. 
3 0 f Upon use of further transition metal cations in the chromate coating 
solution there also result i.a. higher rate constants than for Cr(lll). 
Moreover these transition metal cations may act as catalysts in ligand 
replacement on chromium(lll). 
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Re verse reaction II 

g Insertion of poorly redissolvable hydroxides, e.g. nickel, cobalt and/or 
copper hydroxide. 

Serial investigations were carried out. Starting points a and b are known to 
the skilled person. Acceleration of zinc dissolution via points c and d did also 
result in thick coatings, however yellowish ones having a chromium/zinc ratio 
of 1 :4 to 1 :3, which only afforded low corrosion protection. It was found that 
good corrosion protection values may only be obtained at chromium/zinc 
ratios above 1 :2. 

A higher chromium/zinc ratio at concurrently thicker chromate layers is 
obtained when the rate constant k 2 (starting point e) is raised, or the forward 
reaction II is accelerated. After the inventors of the present application had 
realised that hot chromium(lll) solutions result in surprising passive layers, 
there are the following possibilities in connection with the inventors' 
theoretical reflections: 

- Raising the temperature of the chromate coating solution and/or of the 
partial surface 

- Raising the chromium(lll) concentration in the process solution 

- Acceleration of ligand replacement kinetics at the chromium(lll). 

Herefor one should know that chromium(lll) in aqueous solutions is 
essentially present in the form of hexagonal complexes generally having high 
kinetic stability, and moreover that ligand replacement is the step determining 
the rate in forward reaction II. By the selection of suitable complex ligands, 
with which the chromium(lll) forms kinetically less stable complexes, k 2 is 
accordingly increased. 
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. - Addition of elements having a catalytic effect on ligand replacement into 
the chromate coating solution. 

In serial investigations chelate ligands (such as di- and tricarboxylic acids as 
5 well as hydroxydi- and hydroxytricarboxylic acids) as such forming kinetically 
less stable complexes with chromium(lll), whereas the fluoride complexes 
are kinetically very stable. When using only such chelate ligands for 
complexing the chromium(lll) and omitting fluoride in the passivation solution, 
excellent results were obtained even at a treatment temperature of only 
10 60°C f as is shown by Examples 2 and 3. 

Example 2 

Electrolytically bright-zinc coated (15 m) steel parts were immersed in an 
15 aqueous chromate coating solution containing: 

50 g/l CrCI 3 • 6 H 2 0 (trivalent chromium salt) 
100 g/l NaN0 3 
31,2 g/l malonic acid 

20 

the pH of which had previously been adjusted to 2.0 with sodium hydroxide 
solution. The immersion time was 60 s. Following rinsing and drying there 
resulted in the salt spray cabinet according to DIN 50021 SS a corrosion 
protection of 250 h until first attack according to DIN 50961 . 

25 

Malonic acid is a ligand enabling more rapid ligand replacement kinetics at 
the chromium(lll) than the fluoride of Example 1. Good corrosion protection 
by far exceeding the minimum requirement of DIN 50961 for Method Group 
C (yellow chromation) may thus already be achieved at 60°C. 

30 

Example 3 

Electrolytically bright-zinc coated (15 m) steel parts were immersed in an 
aqueous chromate coating solution consisting of: 
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50 g/l C1-CI3 • 6 H 2 0 (trivalent chromium salt) 
3 g/l Co(N0 3 ) 2 
100 g/l NaNO s 
31,2 g/l malonicacid 
previously adjusted to pH 2.0 with sodium hydroxide solution. Immersion time 
was 60 s. Following rinsing and drying there resulted in the salt spray cabinet 
according to DIN 50021 SS a corrosion protection of 350 h until first attack 
according to DIN 50961. 

Cobalt is an element which was capable, in accordance with the model 
concept, of catalysing ligand replacement and moreover reducing reverse 
reaction II owing to insertion of kinetically stable oxides into the chromate 
layer, so that the chromate layer altogether should become thicker. In this 
point, as well, the model concept established for the present invention is 
verified under practical conditions. Corrosion protection could once more 
clearly be enhanced in comparison with Example 3 by nothing but the 
addition of cobalt into the chromate coating solution. 

Novel greenish chromate layers on zinc were produced in analogy with 
Example 2 at 40, 60, 80 and 100°C. The layer thicknesses of the respective 
chromate layers were determined by RBS (= Rutherford-Backscattering) 
testing. In the Table the corresponding corrosion protection values in hours 
of salt spray cabinet according to DIN 50021 SS until first attack according to 
DIN 50961 Chapter 10 are additionally listed. 



J / °C thickness / nm Corr. Prot. / h 

40 100 50-60 

60 260 220-270 

80 400 350 450 

100 800 800-1200 



Depending on the complex ligands used, which is malonate in Examples 2 
and 3, it is partly possible to achieve even considerably higher layer 
thicknesses and corrosion protection values. By complex ligands containing 
as the complexing functional group nitrogen, phosphorus or sulfur, (-NR 2 , 
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-PR 2 wherein R independently is an organic, in particular aliphatic radical 
and/or H, and/or -SR, wherein R is an organic, in particular aliphatic radical 
or H,), it is possible to even produce the indicated layer properties within 
limits at room temperatures. 

Example 4 

Steel parts electrolytically coated with a zinc/iron alloy (0.4-0.6% iron) were 
immersed at 60°C in the following aqueous chromate coating solution: 

50g/l CrCI 3 . 6 H 2 0 

100g/l NaN0 3 

31.2 g/l malonic acid 

The solution was beforehand adjusted to pH 2.0 with NaOH. Immersion time 
was 60s. Following rinsing and drying a transparent, greenish, slightly grey, 
strongly iridescent layer was visible on the zinc/iron. In the salt spray cabinet 
in accordance with the above specified DIN and ASTM standards there 
resulted a corrosion protection of 360 h until first attack according to DIN 
50961. 

Example 5 

Steel parts electrolytically coated with a zinc/nickel alloy (8-13% nickel) were 
immersed at 60°C into the following aqueous chromate coating solution: 

50g/l CrCI 3 . 6 H 2 0 
100g/l NaN0 3 
31 .2 g/l malonic acid 

The solution was beforehand adjusted to pH 2.0 with NaOH. Immersion time 
was 60s. Following rinsing and drying a transparent, greenish, dark-grey, 
strongly iridescent layer was visible on the zinc/nickel. In the salt spray 
cabinet in accordance with the above specified DIN and ASTM standards 
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there resulted a corrosion protection of 504 h until first attack according to 
DIN 50961. 

[f~urther advantageous ligands resu l t from the enum e ration according t u 
c l aims 9 and 1 1 .] 

The novel greenish chromium(VI)-free chromate layer accordingly depending 
on the production temperature has a thickness of between 100 and 1000 nm, 
has a weakly green inherent color and a red-green iridescent coloring. The 
chromate coating solution consists of trivalent chromates, moreover of 
conducting salts and mineral acids. Application of the chromate coating 
solutions is generally performed at temperatures above 40°C. The corrosion 
protection of unmarred greenish chromium(VI)-free chromate coatings 
depending on the production temperature amounts to 100-1200 h in the salt 
spray cabinet according to DIN 50021 SS until the first appearance of corrosion 
products. Thus the novel chromation satisfies the minimum requirements to 
corrosion protection for Method Groups C and D according to DIN 50961 
(Chapter 10, Table 3), i.e. without chromium(VI) either in production or in the 
product. 

By the present invention it is for the first time made possible to provide 
chromium(VI)-free conversion layers or passive layers on the basis of 
chromium(lll), which do, however, furnish the corrosion protection of yellow 
chromations customary in the prior art - i.e., of chromium(VI)-containing 
passive layers. 

This is a singular novelty in the entire galvanisation industry. 



Hitherto on a chromium(lll) basis only clear to blue layers, referred to as 
"blue passivation" in technical circles, were known which are variously 
applied practically. 
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Moreover yellowish-transparent layers with an addition of cerium are known 
which are, however, not used practically owing to the very costly cerium 
addition and their poor corrosion protection properties. 

5 Moreover powdery-greenish layers are known for which the applicant - one of 
the leading enterprises in the field of surface technology - is not aware of any 
practical applications. 

Even the difference in terms of color of the conversion layers of the present 
10 invention is conspicuous in Fig. 1 , wherein three treatment methods were 
performed on zinc-plated screws. 

The left-hand pile of screws in accordance with the illustration of Fig. 1 was 
subjected to a classical blue chromation [" as s e t forth on pag e 2 of th e 
15 descript i on und e r No. 1 ] in accordance with the standard of Method Group B 
according to DIN 50961 Chapter 10 table 3 . 

The right-hand pile of screws on the photograph according to Fig. 1 was 
subjected to a conventional yellow chromation in accordance with [page 2, 
20 No 2 of the present descr i pt i on! the standard of Method Group C according 
to DIN 50961 Chapter 10 table 3 . 

The center pile of screws shows the result of passivation of the screws by 
means of the method in accordance with the invention. 

25 

This is consequently a greenish-iridescent, transparent conversion layer, or 
passive layer. 

Moreover the colors represented in Fig. 1 are the true colors, which can be 
3 o seen from the fact that a color plate and moreover a grey wedge was jointly 
photographed for the purpose of neutral color representation. 



As can be seen from the white test field "White" and from the corresponding 
field having the density ".00" from the grey wedge, both test fields are pure 
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white, making evident the neutral filtering and the resulting realistic color 
representation. 

In Fig. 2 scanning electron microscope (SEM) images of the conversion 
5 layers of a yellow chromation and of a blue chromation in accordance with 
the prior art are shown in comparison with the "chromitation" of the present 
invention. 

The layer samples are derived from the correspondingly passivated zinc- 
o plated iron screws shown in Fig. 2, lower half. 

The samples treated in accordance with the invention (by "chromitation") 
presented a chromium(VI)-free conversion layer having a thickness of 
approx. 300 nm. In the photographs of Fig. 2 it should be considered that the 
layers were photographed in a viewing angle of approx. 40°, resulting in 
foreshortening by approx. cos (40°) = 0.77. 

Based on the SEM images of the chromitation layer of the invention it 
therefore results that conversion layer thicknesses like in yellow chromation 
are obtained, however with the difference that the conversion layer of the 
invention does not contain any toxic chromium(VI). 

The color photograph of Fig. 3 moreover shows the bandwidth of the 
iridescent coloring of the passive layer according to the invention under 
practical conditions. 

It can already be seen in the photographs of Figs. 1 and 3 that the passive 
layer according to the invention does not contain any chromium(VI) ions as it 
lacks the typically yellow color (cf. right-hand pile of screws of the color 
photograph of [Enc l osur e] Fig. 1 ). 

Objects according to the photograph of Figs. 1 and 3 as well as zinc-plated 
steel sheets passivated by the method of the invention were tested in the salt 
spray cabinet according to DIN50021SS or ASTM B 1 17-73, respectively, 
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until the occurrence of first corrosion products according to DIN50961 
Chapter 10. Herein it was surprisingly found that the passive layers of the 
present invention, and thus the objects passivated by the present method, 
fulfilled the corrosion protection of chromium(VI) passivations, i.e. yellow 
chromations, although not containing any chromium(VI). 

It is worth mentioning that a typical yellow chromation of the prior art affords 
resistance for approx. 1 00 hours of exposure to saltwater in accordance with 
the above specified DIN or ASTN standard, whereas even the tenfold 
corrosion protection was achieved by the passive layers of the present 
invention. 



The layers of the present invention as well as the methods for producing this 
layer, or the method for passivation of metal surfaces, thus satisfy the long- 
standing demand in this technical field for conversion layers doing without 
any toxic and carcinogenic chromium(VI) compounds while nevertheless 
even presenting and generally even excelling the corrosion protection of 
yellow chromations. 

EP 00 34 040 A1 does describe a multitude of layers, wherein the 
colorations of the larger group thereof (produced under the standard 
conditions set forth by Barnes/Ward) are not specified, however which are 
referred to as clear. Two examples, i.e. Nos. 16 and 17, describe a greenish, 
borate-containing layer referred to as cloudy-dull to non-transparent. 

Example 14 describes a layer affording a corrosion protection of no more 
than 4 hours. 



In Example 15 of EP 00 34 040, an aluminum-containing layer is described 
which attains a corrosion protection of 100 hours. This is achieved - in 
comparison with the remaining examples - merely by the corrosion protection 
additive aluminum which is lacking in the present invention. Aluminum-free 
layers of identical or similar baths do, however, only present poor corrosion 
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protection. The layer according to the invention offers significantly higher 
corrosion protection, namely up to 1000 h, even without this addition. 

Examples 16 and 17 describe layers affording a corrosion protection of 300 
5 and 200 hours in the salt spray test and thus in the range claimed by the 
applicant. Description page 19, line 7 sets forth that layers of more than 
1000 nm are required for good corrosion protection. It is thus understandable 
that these layers, without exception moreover produced from solutions 
containing boric acid, are described to be cloudy and rather non-transparent 
o (page 14, line 10). The enhanced corrosion protection, in accordance with 
page 15, lines 1-5, is due to the insertion of borate-containing species. 

The layer according to the invention, on the other hand, also offers high (and 
even higher) corrosion protection without this addition. 

There is, however, another difference that is relevant in terms of patent law 
as well as in practical application: namely, the layers described in Examples 
16 and 17 of EP 00 34 040 are soft and come off when wiped and 
consequently require some sort of hardening process as an aftertreatment 
' (page 17, lines 12-21). 



The present layers according to the invention are hard and resistant to 
wiping even without a hardening process , and adhere wkII Corrosion 
protection layers which come off when wiped and which do not adhere to the 
substrate are useless for practical application. 

Furthermore, the laver according t o the invention can serve as a basis nr 
substrate for further inorganic and/or organic layers. 

In Fig. 4, a photograph is shown as a comparison example. This photograph 
represents the result of comparison tests carried out by the applicant in 
comparison with EP 00 34 040. In particular the applicant reproduced the 
Examples 16 and 17 given in this prior art. Herein steel sheets were 
immersed into the solutions described in Examples 16 and 17 of 
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EP 00 34 040 and the respective treatment times were observed. Fig. 4 
shows the layers on the substrate surfaces obtained in accordance with the 
prior art, namely from the top to the bottom the first and second sheets 
successively treated by immersion. 

The photograph of Fig. 4 shows from the left to the right in the top half of the 
illustration a cloth whereby the layer produced in accordance with Example 
16 - prior art - was wiped, a zinc-plated steel sheet treated in accordance 
with Example 16, beside it a zinc-plated steel sheet treated in accordance 
with Example 17 - prior art - and on the extreme right also a cloth whereby 
the layer of Example 1 7 was wiped. In the second line on the left side - - 
beside the indication of Example 16 and beside it to the right ( beside the 
indication of Example 17) a respective zinc-plated steel sheet coated in 
accordance with the prior art is shown. 

What is visible is a milky, white-greenish powdery coating which already 
comes off when wiped with a soft cloth even without application of particular 
pressure (see Fig. 4, top half of illustration). The prior art itself suggests that 
this layer is not a compact oxide zinc-/chromium conversion layer firmly 
adhering to the substrate sheet but a loosely overlying coating substantially 
consisting of chromium hydroxide. The pH for this coating must be so high 
that the precipitation limit for chromium hydroxides is already exceeded 
(page 26, line 12 of EP 0034 040). Precipitation of chromium hydroxide is 
kinetically inihibited and is favored by immersion of a more or less rough 
surface. The fact that the layer formation mechanism has to be a different 
one from the other examples may also be seen from the circumstance that 
with (Example 16 prior art) or without (Example 17) complexing agents 
more or less the same result was achieved. In practical reproduction of 
Examples 1 6 and 1 7 of the prior art it was moreover found that the layer 
became thicker, softer and more powdery with an increasing number of 
metal sheets coated in the solution. In addition, more and more chromium 
hydroxide precipitated, whereby the useful life of such a coating solution is 
limited to a few hours. The layer according to the invention, on the other 
hand, is produced only from suitable "rapid" complexes and furthermore in a 
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distinctly acidic pH range. The solution is stable over months, presumably 
even years. 

The measurements underlying Figs. 5 to 36 were performed with a glow- 
5 discharge spectrometer. 

The element F and die anions could not be analysed by this method. O, H, 
CI and K could not be quantified. 

0 The following Table shows the concentration ranges for which calibration is 
valid: 



Element 


Concentration min. in 


Concentration max. in 


C 


0.0067 


3.48 


S 


0.0055 


0.168 


Cr 


0.0001 


99.99 


Ni 


0.0001 


99.99 


Co 


0.0001 


7.00 


Zn 


0.0001 


99.99 


Na 


0.0001 


0.0068 


N 


0.0001 


6.90 


B 


0.0001 


0.040 


Fe 


0.0005 


99.91 



Sample allocation in Figs. 5 to 36 results from the following Table: 



Sample 


Coating 


Conditions 


Measurement 


No. 






point 


1 


Chromitation on 
Zn (invention) 


60°C, 1min, pH 2 


A 








B 


2 




60°C, 2min, pH 2 


A 








B 


3 




60°C, 1min. dH 2.5 


A 


4 




60°C, 1.5min, dH 2.5 


A 


5 




60°C, 2min, pH 2.5 


A 


6 




100°C. 1min. dH 2 


A 
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B 








C 








D 


7 


Chromitation on 
Zn/Fe 


60°C f 1min dH 2 


A 








D 
D 


8 


Blue chromation 
on Zn 


20°C, 30s, pH 1.8 


A 


9 


Yellow chromation 
on Zn 


20°C, 45s, pH 1 .8 


A 








B 



Fig. 37 shows a Table containing the evaluations of the depth profile 
measurements, which indicates that all of the (chromitation) layers of the 
invention have thicknesses exceeding 100 nm. 
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Abstract 

Chromium(VI)-Free Conversion Layer and Method for Producing It 

5 

A chromium(VI)-free, chromium(lll)-containing and substantially coherent 
conversion layer on zinc or zinc alloys presenting, even in the absence of 
further components such as silicate, cerium, aluminum and borate, a 
corrosion protection of approx. 100 to 1000 h in the salt spray test according 
10 to DIN 50021 SS or ASTM B 1 17-73 until first attack according to DIN 50961 
Chapter 10; being clear, transparent and substantially colorless and 
presenting multi-colored iridescence; having a layer thickness of approx. 1 00 
nm to 1000 nm; and being hard, adhering well and being resistant to wiping. 

15 
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1. (amended) A chromium(VT) fr c c conversion layer comorisingT chromiumfllD , said 
conversion layer bein g chromium(VIVfree. containing and said conversion layer being a 
substantially coherent conversion layer on zinc or a_zinc alloys, characterized in tha t wherein 
even in the absence of furth e r components such as silicate, cerium, aluminum and borate it 
said conversion layer presents a corrosion protection of appfexrabout_-100 to 1000 h in the 
salt spray test according to DIN 50021 SS or ASTM B 1 17-73 until first attack according to 
DIN 50961 Chapter 10; said conversion layer being it in cloar. trnnnpnr a nt nnrl nr-mr . ^ n |fy 
colorless and presents multi colored iridescence; it has a layor thickn e ss of approx. 100 nm to 
1000 nm; and &4s-hard , adh e res w e ll _and is-resistant to wiping. 

2. (amended) A conversion layer according to claim 1, charact e rized in that wherein i t 
said conversion layer has across the conversion layer thickness a chromium content of up to 
greater than apprex^ about 1 %, in relation to zinc and chromium in the conversion layer and 
an average chromium content of more than apprex vabout -5%: i^ said conversion layer further 
having has-a chromium-rich zone ^-with greater than approx. abouL20% chromium, in 
relation to zinc and chromium in the conversion layer, said chromium rich zone having a 
thickness of more than approx. about- 15 n m; and 

it has a chromium index > approx. 10 . 

3. (twice amended) A conversion layer according to claim 1, characteriz e d in that it 



components selected from the group consisting of: silicate, cerium, aluminum and borate; 
additional metal compounds , in particular 1 to 6 valcnt metal compounds, for example 
compounds of Na, Ag, AI, Co, Ni, Fo, Ga, In, lanthanidos, Zr; Sc, Ti, V, Cr, Mn, Cu, Zn, Y, 
Nb, Mo, Hf, Ta, W ; and anions , in particular halido ions, in particular chloride ions; sulfurous 
ions, in particular sulfate ions, nitrate ions; phosphoric ions, in particular phosphate ions, 
diphosphate ions, linear and/or cyclic oligophosphato ions, linear and'or cyclic polyphosphat e 
ions, hydrogen phosphate ions; carboxylic acid anions; and silicon containing anions, in 
particular silicat e anions; and; polymers^ in particular organic polym e rs, corrosion 
inhibitors?; silicic acids?; in particular colloidal or disperse silicic acid s ; surfactants?; diols 7 ; 
triols?; polyolst; organic acids?; in particular monocarboxylic acids; amines;? plastics 
dispersions;? dyes?; pigments; , in particular carbon black, _chromogenic agents?; in particular 




further comprisin g , for furth e r enhanced mrrnr.inn prnt^ti^n, additional 



Marked Up Claims 
Serial No. 09/904,993 
Page 2 of 6 

metallic chromog o nic agents; amino acids- in particular glycin; siccatives 7 : in particular 
cobalt siccatives; dispersing agentsf; and mixtures thereof. 

4. (twice amended) A conversion layer according to claim 1, characterized in that it is 
said conversion layer being a basis for further inorganic and/or organic layers. 

5. (twice amended) A conversion layer according to claim 1, characterized in that it 
further comprising eontains-a_dyes or color pigments for modification of the mherea^olor 
thereof. 

6. (twice amended) A conversion layer according to claim 1, characterized in that its 
laye^ -having a thickness ts-of approx. about - 1 00 nm. 

7. (amended) A method for producing a_chromium(VI)-free conversion layers 
affording at least the corrosion protection of conventional chromium(VI)-containing yellow 
chromations, wherein a metallic surfac e, in particular one of zinc or zinc alloy s , in particular 
with iron, J s treated with a solution of at least one chromium(III) complex and at least one 
salt ' said method being farther characterized in that the concentration of the chromium(III) 
complex is increased in comparison with a conventional trivalent blue chromation; and/or a 
chromium(III) complex is used having ligand replacement kinetics more rapid than the 
fluoride replacement kinetics in chromium(IH)-fluorocomplexes; said chromiumfflT) 
complex being present in a concentration of 5 to 100 e/L said method producing a 
hromium(VI)-free conversio n la y er affording at least the corrosion protection of conventional 
chromiumrVD-containing yellow chromations. 

8. (amended) A method according to claim 7, charact e riz e d in that wherein treatment 
is carried out at an elevated temperature, in particular 20 to i nn°r preferably 20 to 30°C. in a 
pr e f e rred manner 30 to 60°C, in a particularly preferred manner 10 to 60°C . 

9. (twice amended) A method according to claim 7, characterized in that wherein the 
ligands of the chromium(IH) complex are selected from the group consisting of: chelate 
ligands, such as dicarboxylic acids, tricarboxylic acids, hydroxycarboxylic acids, in particular 
oxalic, malonic, succinic, glutaric, adipic, pim e lic, sub e ric, azolaic, s e bacic acid; and 
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furthermore?, maloic acid, phthalic acid, tcr c phthalic acid, tartaric acid, citric acid, malic add, 
ascorbic acid; and further chelate ligands such as acctylacotone, urea, uroa derivatives, and 
fe&eF-andcomplex ligands hayjng whoroin the acomplexing functional group containings 
nitrogen, phosphorus or sulfu r ( NR2, PR2, wherein R independently io an organic, in 
particular aliphatic radical and'or II, and/or SR, wherein R in an organic, in particular 
aliphatic radical or H); phosphinatos and phoaphinat o derivatives; as well aa suitable mixtures 
th e r e of, among each other as well as in mix e d complexes with inorganic anions and H2Q 
and&r th e method is performed r e p e atedly on th e surface to bo passivatod . 

10. (amended) A concentrate for producing a passivation solution for surfaces of zinc 
or zinc alloys, in particular ones with iron , wh e rein it said concentrate substantially 
containings chromium(IH) for a passivating component, characterised in tha t wherein the 
chromium(m) is present in the form of at least one complex having ligand replacement 
kinetics more rapid than the fluoride replacement kinetics in chromium(in) fluorocomplexes, 
said concentrate being chromiumfVD-free . 

11. (amended) A concentrate according to claim 10, characterized in that wherein the 
chromium(ffl) complex is selected from complexes with chromium(in) and at least one 
ligand selected from the group consisting of: chelate ligands, such as dicarboxylic acids, 
tricarboxylic acids, hydroxycarboxylic acids, in particular oxalic, malonic, succinic, glutaric, 
adipic, pimolic, suberic, azolaic, scbacic acid; and furthermore, maloic acid, phthalic acid, 
ter e phthalic acid, tartaric acid, citric acid, malic acid, ascorbic acid; and further chelate 
ligands ouch as acotylacotono, urea, urea derivatives, and further complex ligands wherein the 
complexing functional group contains nitrogen, phosphorus or sulfur, ( NR2, °R2, wherein 
R indep e ndently io an organic, in particular aliphatic radical and'or H, and'or SR, wherein R 
is an organic, in particular aliphatic radical or II,); phosphinates and phosphinate derivatives^ 
as well as suitable andmixtures thereof, among each other as well as in mixed complexes 
with inorganic anions and H 2 Q . said chelate ligands being selected from the group consisting 
of dicarboxylic acids, tricarboxylic aci d s, hvdroxvearboxvlic acids, acetyl acetone, urea, urea 
derivatives, and mixtures thereof . 



13. (twice amended) A concentrate according to claim 10, characterized in that it 
eeataifts-said concentrate comprising further additives selected from the group consisting of: 
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sealers, dewatering fluids^ and additional metal compounds, in particular 1 to 6 valent metal 
compounds, for e xampl e compounds of Na, Ag, AI, Co, Ni, F o , Ga, In, lanthanidcs, Zr; Sc, 
Ti, V, Cr, Mn, Cu, Zn, Y, Nb, Mo, Hf, Ta, W; and anions, in particular halidc ions, in 
particular chloride ions, sulfurous ions, in particular sulfate ions, nitrate ions; phosphoric 
ions, in particular phosphat e ions, dipho s phate ions, linear and/or cyclic oligophosphato ions, 
lin e ar and/or cyclic polyphosphate ions, hydrog e n phosphat e ions; carboxylic acid anions; 
and silicon containing anions, in particular silicat e anions; and polymers, in particular 
organic polym e rs, corrosion inhibitors^ silicic acids, in particular colloidal or dispers e silicic 
aeids^surfactants^ diols, triols, polyols^ organic acids, in particular monocarboxylic acids; 
amines^ plastics dispersions^ dyes, pigments, in particular carbon black, chromogenic 
agents, in particular metallic chromogenic agents; amino acids, in particular glycin; 
siccatives, in particular cobalt siccatives; dispersing agents^ ; as well as and 
mixtures thereof. 

14. (amended) A passivation bath for passivating ajnetal surfac es, in particular ones 
of zinc, cadmium i e^aluminum, or alloys thgreof of th e se metals among each other and/or 
with other metals , in particular with iron , characteriz e d in tha t said bath rt substantially 
contains comprising chromiumOn) as a passivating component, wherein chromium(III) is 
present in a concentration of approx. about 5 to 100 g/1^ said bath being effective, upon 
immersing said metal surface therein, to provide a conversion layer on said metal surface 
which pre sents a corrosion protection of about 100 to 1000 h in the salt sprav test according 
to DIN 50021 SS or ASTM B 1 17-73 until first attack according to DIN 50961 Chapter 10. 
said passivation bath being chromium (VP-free. 

15. (amended) A passivation bath according to claim 14, characterized in tha t wherein 
chromium(III) is present in a concentration of approx. about 5 g/1 to 80 g/1, in particular of 
approx. 5 g/1 to 60 g/1, in a particularly pref e rred mann e r of approx. 10 g/1 to 30 g/1, 
pr e ferably approx. 20 g/1 . 



16. (twice amended) A passivation bath according to claim 14, characteriz e d in that 
wherein i ^said bath has a pH between approx. about L5 and 3. 
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17. (twice amended) A passivation bath according to claim 14, charact e riz e d in 
thatwherein it -said bath contains apprexaboutv 20 g/1 chromium(HI) and has a pH of 
approx. about - 2 to 2.5. 



18. (twice amended) A passivation bath according to claim 14, characterized in 
tha twherein it- said bath contains further additives in particular selected from the group 
consisting of sealers, dewatering fluids^and additional metal compounds, in particular 1 to 
6 vai e nt metal compounds, for example compounds of Na, Ag, Al, Co, Ni, Fo, Ga, In, 
lanthanidos, Zr; Sc, Ti, V, Cr, Mn, Cu, Zn, Y, Nb, Mo, Hf, Ta, W; and anions, in particular 
halide ions, in particular chlorid e ions; sulfurous ions, in particular sulfate iono, nitrate ions; 
phosphoric ions, in particular, phosphate ions, diphosphate ions, linear and/or cyclic 
oligophosphate ions, linear and/or cyclic polyphosphate ions, hydrogen phosphate ions; 
carboxylic acid anions; and silicon containing anions, in particular silicat e anions; and 
polymers, corrosion inhibitors^j-silicic acids, in particular colloidal or disperse silicic acids; 
surfactants^ diols, triols, polyols^ organic acids, in particular monocarboxylic acids; amines^ 
plastics dispersions^ dyes, pigments, in particular carbon black, chromogenic agents, in 
particular m e tallic chromog e nic ag e nts; amino acids, in particular glycin; siccatives, in 
particular cobalt siccative; dispersing agents^ as w e ll as and mixtures thereof. 

19. (twice amended) A passivation bath according to claim 14, characterized in that it 
has ^said bath having a bath temperature of approx. about 20 to 100°C, preferably 20 to 80°C, 
in a pr e f e rr e d mann e r 30 to 60°C, in a particularly pr e f e rr e d manner 10 to 60°C . 

20. (twice amended) A method for passivating surfaces of zinc or zinc T alloys^-m 
particular on e s with iron, , comprising the steps of charact e rized in tbnt tb p nhjnrtr . to Vm 
tr e ated ar c imm e rs e d immersing said surface, for an immersion period, in a passivation bath 
comprising chromiu m(IIT) as a passivating component, wherein chromium(IID is present in a 
concentration of about 5 to 100 g/1, and thereby providing a conversion laver on said surface 
which presents a corrosion protection of about 100 to 1000 h in the salt sprav test according 
to DIN 50021 SS or ASTM B 1 17-73 until first attack according to DIN 50961 Chanter 10. 
wherein b oth said passivation bath and said conversion layer provided on said surface are 
chromiumfVD-free. according to claim 1 4. 
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21. (amended) A method according to claim 20, characterized in tha t wherein the 
immersion period is between apprex- rabout - 15 and 200 seconds, in particular between 
approx. 15 and 100 oocondo, preferably approx. 30 seconds . 

22. (twice amended) A method according to claim 20, characterized in that it is said 
method being an elevated-temperature chromate coating method with rinsing water recycling 
over at least 2 cascaded rinsing stages. 

24. (twice amended) A passive -conversion laver obtainablo obtained bv a method 
according to claim 20com prising t h e s te p s of immersing a metal surface of zinc or zinc allny , 
for an immersion period, i n a p assivat i on bath comprising chrominmam as a p assivating 
component, wherein chromiumrrm is present in a concentration of about 5 to 1QQ g/1. and 
thereby providing , said conversion laver on said metal s urface, said conversion laver and said 
passivation bath each being chromium(VD-free . 

25. (amended) A passive-conversion layer according to claim 24, characterized in that 
it -said conversion layer i mparts -providing n ro rrnHnn prnt n rtin n m nn ob j c c t :uch ^ tu 
presents-corrosion protection of at least 100 hours in the salt spray test according to DIN 
50021 SS until first attack according to DIN 50961 Chapter 10. 

26. (twice amended) A conversion passive-layer according to claim 24, characterized 
in that it presents said layer presenting a greenish, red-green iridescent color for zinc. 

27. (twice amended) A passive-conversion layer according to claim 24, characterized 
in that its said layer having a laver thickness is-ofapp*^about_l 00 nm. 

28. (twice amended) A conversion layer obtainablo obtained bv a method according to 
eteiffl-Tcomprising, treating, a metallic sur face of zinc or zinc allovs wit h a solution of at least 
one chromium(ni) complex and at lea s t one salt, wherein the concentration of the 
chromiumfllD comple x in sai d solut ion is increased in comparison with a conventional 
trivalent blue chromation, and /or a chro mi u m dID comp lex is used having Hgand replacement 
kinetics more rapid than the fluorid e re p lacement kinetics in chrominmrTm-fluorocomp levPs, 
said solution being chromiumfViyfree. 



